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(54) Patient movement detection 

(57) For monitoring body movements of a patient on 
a support, particularly to ascertain risk of bed sores, at 
least one fluid filled cell is inserted between the patient 
and a support on which the patient is lying. There is a 
detector of fluctuations in the state of the fluid in the cell 
caused by body movements of the patient, providing an 
output dependent on the fluctuations. This output is an- 
alysed by discriminating between fluctuations which are 
indicative of major body movements and fluctuations 
which are indicative of minor body movements. 




PRESSURE 
TRANSDUCER 



SIGNAL 
PROCESSOR 



LOGIC 
DISPLAY 



Fig. 



Printed bv .Jouve. 75001 PARIS fFm 



1 EP 0 853 

Description 

The present invention relates to a device and a 
method for monitoring the body movements ot a patient 
on a support. s 

Patients who spend long periods of time in bed are 
known to be at risk from developing pressure sores (tis- 
sue necrosis). To prevent this, regular turning of the pa- 
tient is required, or a pressure relieving mattress, such 
as the Airwave" sold by the applicants, may be used. 10 
The Airwave mattress is of the type illustrated in GB-A- 
1595417. 

However in order to decide which form of mattress 
or what turning regime is required 5 it is necessary to as- 
sess the risk of individual patients for developing pres- is 
sure sores. Studies carried out in 1961 by Exton-Smith 
and Sherwin (The Lancet, 18 November 1961, pages 
1124-1127) came to the conclusion that the risk of de- 
veloping pressure sores is inversely related to the 
number or rate of spontaneous body movements. Ex- 20 
ton-Smith and Sherwin counted body movements of pa- 
tients using an inertial switch connected via a ratchet 
device to the mattress. 

Attempts have been made to develop methods of 
monitoring spontaneous body movements. Watching is 2B 
clearly not economically practical. Most efforts to date 
have been aimed at providing devices for attachment to 
legs of a bed frame which sense changes in the load on 
each leg of the bed frame, and/or changes in the centre 
of gravity of the bed frame. These changes can be re- 30 
lated to patient movement, but the devices are bulky, 
expensive and difficult to install and remove from the 
bed. 

Proposals have also been made for use of inflatable 
bodies on which a person is lying, in order to monitor 35 
body movement. Apnoea detection alarms for infants 
are proposed in US-A-5515865, GB-A-1261357 and 
US- A- 3727606 which seek to monitor breathing by de- 
tecting pressure fluctuations within a mattress. US-A- 
551 5865 proposes among other things a pressure mon- 40 
itor connected to a water chamber. In GB-A-1261 357 a 
heated wire sensor detects flows between mattress 
cells. In US-A- 3727606 a pressure sensor is attached 
to the mattress and is protected from large pressure 
changes caused by the infant's gross movements by a 45 
pop-off valve. These devices provide an alarm signal if 
no breathing movement is detected in a certain time pe- 
riod. 

GB-A-21 99953 discloses a device for measuring 
pressure at the interlace between a patient's skin and a so 
mattress, such as an alternating pressure mattress, to 
study the performance of the mattress. A small inflatable 
cell is placed at the interlace location to be measured, 
and is periodically inflated by means of a compressor. 
The cell contains electrical contacts which break and 
make as the cell is inflated and deflated. By this method 
the interface pressure variation is plotted. 

WO 91/1 3575 describes a mattress which monitors 
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and records movements of a person lying on it. The mat- 
tress has many inflated cells in square arrays in four 
zones, at waist, hip, shoulder and foot, and a pressure- 
responsive readout device for each zone which reads 
out and records pressure changes resulting from move- 
ment of the patient as charts. It is suggested that from 
the charts of pressure fluctuations at these four zones, 
a doctor can diagnose sleep disorders, and it is de- 
scribed how in the charts breathing movements and arm 
and leg movements can be detected, within time zones 
in which the patient was lying on their back, side and 
front. The device is complex, and provides only a display 
of pressure changes as an output. 

None of those devices provide an output which is 
related to the risk of development of pressure sores by 
a patient. 

The object of the invention is to provide a device for 
monitoring body movements of a patient on a support 
which gives as an output data useful for assessing risk 
of development of pressure sores. 

According to the invention in one aspect there is 
provided a device for monitoring body movements of a 
patient on a support, including: 

at least one fluid filled cell insertable between a pa- 
tient and a support on which the patient is support- 
ed; 

means for detecting fluctuations in the state of the 
fluid in said at least one cell caused by body move- 
ments of the patient and providing an output de- 
pendent on said fluctuations; and 
means for analysing said output and providing an 
output dependent on the analysis, adapted and ar- 
ranged to discriminate between said fluctuations 
which are indicative of major body movements and 
said fluctuations which are indicative of minor body 
movements. 

According to the invention in another aspect there 
is provided a method of monitoring body movements of 
a patient supported by a support, by: 

detecting fluctuations in the state of the fluid in at 
least one fluid-filled cell arranged between a patient 
and a support on which the patient is supported; 
conducting an analysis of the detected fluctuations, 
so as to distinguish said fluctuations which are in- 
dicative of major body movements from said fluctu- 
ations which are indicative of minor body move- 
ments; and 

providing an output dependent on said analysis. 

The present invention provides a convenient and 
simple device and method for monitoring patient move- 
ments, to provide output useful in assessing risk of pres- 
sure sores. 

The invention is based on the surprising finding that 
the output of a detector of fluctuations, e.g. pressure 
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fluctuations, in a cell can be readily analysed so as to 
distinguish large body movements, particularly body 
turning movements such as lying-on-side to lying-on- 
back: lying-on-front to lying-on-side, from relatively 
small body movements such as arm or leg movements. 
The analysed output of number or frequency or spacing 
of such large body movements can then be used to pro- 
vide an output signal indicative of risk of pressure sores. 
Of course, the risk of pressure sores also depends on 
the condition of the individual patient, but the objective 
output relating to large body movements is of great val- 
ue to nurses and doctors in charge of patients at risk of 
pressure sores. 

It is not necessary in the practice of the present in- 
vention to monitor fluctuations in more than one cell. The 
cell or cells should be appropriately located relative to 
the patient to detect body movements. It has been found 
for example that substantial baseline shifts of pressure 
in such a cell are strongly correlated with the occu rrence 
of large body movements, whereas minor body move- 
ments do not generally cause baseline shifts. This is il- 
lustrated below. 

In the cell monitored, the fluid is preferably a gas, 
particularly air, but use of a liquid, and even a highly vis- 
cous liquid such as a gel, is feasible. 

The cell can be a flexible-walled cell which has a 
preliminary inflation pressure, e.g. in the range 5 to 40 
mmHg above ambient atmospheric, without a patient's 
weight applied to it. This cell is maintained sealed during 
monitoring. 

Alternatively the cell whose pressure is sensed for 
monitoring may be a cell (or a group of cells) of an al- 
ternating pressure mattress or other alternating pres- 
sure device which is undergoing pressure cycling in its 
normal operation. In this case, the pressure fluctuations 
due to cycling must be filtered out or compensated for. 

The monitored fluctuations in the state of the fluid 
may be, for example, changes in the pressure of the flu- 
id, or movement of the fluid. These changes are caused 
by the patient moving. Examples of such detectors in- 
clude a pressure transducer, and an airflow detector. An 
electrical output is preferable, for ease of handling in the 
analysis stage. 

The means for analysing the detected fluctuations 
may typically be a combination of sottware and electron- 
ic hardware, such as a programmed PC. The analysis 
means is able to distinguish between major and minor 
body movements. In order to do this, the analysis means 
can compare the amplitude and duration of each fluctu- 
ation with pre-determined threshold values after filtering 
out signals due to external events e.g. cycling of the 
pressure ot the cell (which may be done to reduce risk 
of pressure sores), temperature changes, opening of a 
door. 

The means for analysis of the fluctuations may also 
compare the frequency of fluctuations due to major body 
movement (e.g. number of such fluctuations per unit 
time) against a pre-determined value or values in order 



to assess the risk of the patient developing pressure 
sores. 

It is also preferable that means for displaying the 
results of the analysis of the fluctuations are present in 

5 the device. These means may directly indicate the level 
of risk of the patient developing pressure sores, and may 
take any suitable form, for example a numerical value 
or a simple arrangement of signal lights, each light rep- 
resenting a different level of risk of developing pressure 

to sores. 

The invention further consists in a device for moni- 
toring body movements of a patient on a support, includ- 
ing: 

?5 at least one fluid filled cell insertaple between a pa- 
tient and a support on which the patient is support- 
ed; 

means for detecting fluctuations in the state of the 
fluid in said at least one cell caused by body move- 
20 ments of the patienl and providing an output de- 
pendent on said fluctuations: and 
means for analysing said output and providing an 
output dependent on the analysis, said output being 
an indication of risk of development of pressure 
2S sores in the patient. 

In yet another aspect, the invention consists in a 
method of monitoring body movements of a patient sup- 
ported by a support, by: 

30 

detecting fluctuations in the state of the fluid in at 
least one fluid-filled cell arranged between a patient 
and a support on which the patient is supported: 
conducting an analysis of the detected fluctuations, 
3$ and obtaining from said analysis an output indica- 
tive of risk of development of pressure sores in the 
patient. 

Embodiments of the present invention will now be 
40 described in detail by way of example with reference to 
the accompanying drawings in which: 

Figure 1 is a functional block diagram of a device 
according to the present invention; 
45 Figure 2 is plan view of a low pressure air-filled cell 
as part of the device of figure 1 according to the 
present invention; 

Figure 3 is a functional block diagram of an alterna- 
tive device according to the present invention; 
so Figure 4 is a graph showing pressure against time 
of an air cell of a device according to the present 
invention under test conditions with a volunteer per- 
son simulating a patient's spontaneous body move- 
ments; 

55 Figure 5 is a graph showing pressure against time 
of a different air cell of a device according to the 
present invention under the same test conditions as 
in the test illustrated in figure 4; 
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Figure 6 is a graph showing pressure against time 
of the same air cell as in figure 5, but with a lower 
air pressure, under the same test conditions as the 
test illustrated in figure 4: 

Figure 7 is a graph showing pressure against time 5 
of an air cell of a device according to the present 
invention placed under a cover where the patient 
is not moving; and 

Figure 8 is a graph showing pressure against time 
of the air cell arranged as in the test illustrated in io 
figure 7, under the same test conditions as the test 
illustrated in figure 4. 



spurious pressure changes resulting from external 
sources other than the patient; 

2) compares any signals of sufficient time duration 
to a reference signal which represents the pressure 
variation resulting from a major, or significant, pa- 
tient movement and therefore give an indication of 
"VALID", or major, patient body movements; 

3) counts the number of "VALID" patient body move- 
ments over a given period of time and generates a 
patient body movement rate; and 



Referring to figure 1, this illustrates a device accord- 
ing to the present invention in terms of the functions of 
four parts: low pressure air chamber 4, pressure trans- 
ducer, signal processor and logic display. Figure 2 
shows one possible low pressure air cell 2 which con- 
sists of a chamber 4 which is filled with air at a low pres- 
sure, e.g. 5 mmHg to 40 mmHg (0.67 kPa lo 5.3 kPa). 
The chamber 4 is formed of two flexible air-impervious 
sheets joined at a RF welded seam 5 to form an air tight 
structure. When containing air, the structure is capable 
of being deformed by the application of weight and re- 
covering to its normal dimensions when the weight is 
removed. The chamber is made out of plastics, for ex- 
ample polyurethane-coated nylon material and its di- 
mensions are approximately 100 cm by 20 cm, i.e. sub- 
stantially smaller than a mattress. Its thickness when in- 
flated without load applied is approximately 1 to 2 cm. 
The dimensions are chosen so as to minimise any effect 
on the comfort of the patient. Thus it is preferred in the 
invention to use a cell having a length suitable to lie lat- 
erally under a patient, e.g. 0.5 to 1.5 m, a width of e.g. 
3 to 60 cm, and a small height when inflated, e.g. 0.5 to 
5 cm, but cells of larger height, e.g. up to 20 cm, may 
be monitored. 

The cell 2 is held in place on a support, such as a 
mattress, by flap 6 and straps 8. The chamber has an 
air outlet 9 to a pressure transducer (not shown). 

The pressure transducer (not shown)is electrome- 
chanical and constitutes the fluctuation detecting 
means. It measures variations in the internal air pres- 
sure of the air chamber 5. The transducer in this embod- 
iment has a range 0 to 1 psi (0 to 55 mmHg, 0 to 7 kPa) 
and converts the air pressure into analogue electrical 
signals. It has external circuitry to provide temperature 
compensation and signal amplification. Such pressure 
transducers are commercially available. 

The signal processor is the means for analysing the 
detected pressure fluctuations and is a combination of 
electronic hardware and software and may be e.g. a PC. 
This processor: 

1) interrogates the signals from the pressure trans- 
ducer to eliminate short signal durations of approx- 
imately less than 1 second that may be caused by 
minor, non-substantial, patient body movements or 



4) compares the actual patient movement body rate 
is to a set of predefined movement rates relating to 
high, medium and low patient risks levels of devel- 
oping pressure sores. These defined rates are de- 
rived from previous clinical research data. 

20 The logic display is also a combination of electronic 
hardware and software and records the results of the 
signal processing function and provides the results on 
request via an appropriate man-machine interface, such 
as a series of lights, one for each level of risk of devel- 

25 oping pressure sores. 

An alternative embodiment of the present invention 
is illustrated by the functional block diagram of figure 3, 
where the sealed air chamber and pressure transducer 
have been replaced by a low pressure air cell that is con- 

30 nected in a circuit to an air flow sensor The operation 
of the device is similar to that of the device of figure 1, 
except that changes in the air flow within the circuit are 
detected, rather than pressure fluctuations within the air 
cell. 

35 Surprisingly it has been found that the fluctuations 
of the air pressure in the single inflated cell beneath the 
patient can be analysed to provide useful information 
about the patient's body movements. As the data dis- 
cussed below shows, a major body movement, such as 

40 turning of the trunk, causes a baseline shift of the de- 
tected pressure in the cell, which can readily be distin- 
guished from pressure fluctuations caused by minor 
body movements, since as raising an arm, or by other 
events. Similarly, air flows in the device of figure 3 can 

45 be analysed to distinguish between different types of 
body movement. 

Figures 4 to 6 are all graphs illustrating the effects 
of patient movements on the pressure of a low pressure 
air cell in the sacral area of a patient lying on a mattress. 

50 The patient movements were simulated by a real person 
on the mattress. In Figures 4 to 6 and 8, the patient fol- 
lowed a test regime as detailed below: 

Movement A (t=30 s) Arm movement 

ss Movement B (t=60 s) Leg movement 

Movement C (t=90 s) Lateral movement to the 
right 

Movement D (t=1 20 s) Return to supine position 
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Movement E (t=150 s) Lateral movement to the 
left 

Movement F (t=l80 s) Return to supine position 

Figure 4 shows the test result when pressure was 
monitored in one of the three groups of cells of an Air- 
wave™ alternating pressure mattress placed on a sup- 
port. The Airwave mattress has an array of parallel elon- 
gate cells lying transversely to the longitudinal direction 
of the mattress and in two superimposed layers. They 
are subdivided into three groups, which are each cycled 
through a fixed inflation/deflation cycle in normal use. 
The pressure monitored was the pressure of the whole 
group of cells. For this test, all the cells were maintained 
inflated at an initial level of 30 mmHg (4 kPa), i.e. the 
groups of cells were not cycled through an inflation and 
deflation sequence, as in normal operation. The cell di- 
ameter is 10 cm. The lateral movements (C and E) each 
cause pressure changes of 15 mmHg (2.0 kPa) which 
are clearly distinguishable from the leg and arm move- 
ments (A and B respectively). 

The air cell used in the test illustrated by figures 5 
to 8 had dimensions of 91 .5 cm by 39.3 cm and was of 
the design shown in figure 2 and was placed on a stand- 
ard hospital foam mattress. 

In the test illustrated in figures 5 and 6, the cell is 
simply placed between a patient and a standard hospital 
foam mattress. In the test of figure 5 the cell was at 10 
mmHg (1 .3 kPa) while in the test of figure 6 the pressure 
was reduced to 7 mmHg (0.9 kPa). Both of these tests 
show large baseline pressure changes, almost to 0 mm- 
Hg, at points C and E, corresponding to lateral move- 
ments, and only very small fluctuations at points A and 
B, which correspond to limb movements. The large dif- 
ference in the size of the pressure changes makes it 
possible to distinguish between major and minor body 
movements. 

In the tests of figures 7 and 8 the air cell was placed 
between an Overture mattress (trade mark of the appli- 
cants denoting another marketed alternating cell inflat- 
able mattress) and a standard hospital mattress. The 
test patient lay on the Overture. In the test of figure 7 
the patient remained supine throughout and the graph 
shows small pressure variations, but no large fluctua- 
tions. In the test of figure 8, there was a cover sheet 
between the patient and the mattress. The pressure 
changes in figure 8 show that if the air cell is covered, 
there is little change in the sensitivity of the detector. 

Although the above tests were carried out on air 
cells which had a fixed base pressure (or fixed amounts 
of air in them), the present invention can also be em- 
ployed if the pressure in the air cell is cycling between 
two pressure values. This happens, for example, in the 
normal use of the Airwave™ mattress mentioned earlier. 
These mattresses include at least two groups of inflat- 
able cells, which are cyclically inflated and deflated. The 
cycling of pressures in the groups of cells helps to re- 
duce the risk of pressure sores. In these cases the signal 



processor can easily filter out the regular pressure cy- 
cling in order to detect the pressure fluctuations caused 
by the patient's body movements. 

It should be understood that preferred embodi- 
5 ments of the present invention have been described 
above by way ol example only and various alternative 
features or modifications from what has been described 
and illustrated can be made within the scope of the in- 
vention. 

10 

Claims 

1. A device for monitoring body movements of a pa- 
15 tient on a support, including: 

at least one fluid filled cell (2) insertable be- 
tween a patient and a support on which the pa- 
tient is supported; 
20 means for detecting fluctuations in the state of 

the fluid in said at least one cell caused by body 
movements of the patient and providing an out- 
put dependent on said fluctuations; and 
means for analysing said output and providing 
2s an output dependent on the analysis, 

characterised in that said means for analysing 
said output of said fluctuation detecting means is 
arranged to discriminate between said fluctuations 
30 indicative of major body movements and said fluc- 
tuations indicative of minor body movements. 

2. A device according to claim 1 : wherein means for 
displaying the results of the analysis of said fluctu- 

35 ations is provided. 

3. A device according to claim 1 or 2, having means 
for deriving and displaying an indication of level of 
risk of pressure sores, said indication being derived 

40 by a comparison of the frequency of detected major 
body movements against one or more pre-deter- 
mined values. 

4. A device according to any one of claims 1 to 3, 
45 wherein said analysing means discriminates be- 
tween major and minor body movements by com- 
paring the amplitude and/or duration of said fluctu- 
ations with one or more pre-delermined threshold 
values. 

so 

5. A device according to any one of the preceding 
claims, wherein the fluctuation detecting means de- 
tect one of pressure fluctuations of the fluid in the 
fluid-filled cell and movement of the fluid in the fluid- 

55 filled cell. 

6. A method of monitoring body movements of a pa- 
tient supported by a support, by: 
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detecting fluctuations in the state of the fluid in 
at least one fluid-filled cell (2) arranged be- 
tween a patient and a support on which the pa- 
tient is supported; 

analysing the detected fluctuations, to obtain 5 
information about body movements of the pa- 
tient, and providing an output dependent on the 
analysis, 

characterised by analysing the detected flue- 10 
tuations so as to distinguish fluctuations indicative 
of major body movements from fluctuations indica- 
tive of minor body movements. 

7. A method according to claim 6, including displaying t$ 
the results of the analysis oi the fluctuations. 

8. A method according to claim 6 or 7, wherein the re- 
sults of the analysis of the fluctuations are displayed 
in the form of an indication of level of risk of pressure 
sores, said indication arising from, in the step oi an- 
alysing the fluctuations, comparing the frequency of 
major body movements against one or more pre- 
determined values. 

9. A method according to any one of claims 6 to 6, 
wherein the fluctuations detected are pressure fluc- 
tuations of the fluid in the fluid-filled cell or move- 
ments of the fluid in the fluid-filled cell. 

10. A method according to any one of claims 6 to 9, 
wherein the step of distinguishing between major 
and minor body movements is carried out by com- 
paring the amplitude and duration of said fluctuation 
with one or more pre-determined threshold values. 

11. A device for monitoring body movements of a pa- 
tient on a support, including: 

at least one fluid filled cell (2) insertable be- 
tween a patient and a support on which the pa- 
tient is supported; 

means for detecting fluctuations in the state of 
the fluid in said at least one cell caused by body 
movements of the patient and providing an out- 
put dependent on said fluctuations; and 
means for analysing said output and providing 
an output dependent on the analysis, 

characterised in that said means for analysing so 
said output of said fluctuation detecting means is 
arranged to analyse said fluctuations and devise 
from the analysis an output indication of risk of pres- 
sure sores in the patient. 
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(54) Patient movement detection 



(57) For monitoring body movements of a patient on 
a support, particularly to ascertain risk of bed sores, at 
least one fluid filled cell is inserted between the patient 
and a support on which the patient is lying. There is a 
detector of fluctuations in the state of the fluid in the cell 
caused by body movements of the patient, providing an 
output dependent on the fluctuations. This output is an- 
alysed by discriminating between fluctuations which are 
indicative of major body movements and fluctuations 
which are indicative of minor body movements. 



PRESSURE 
TRANSDUCER 



SIGNAL 
PROCESSOR 



CO 
< 
09 

O) 

if) 

69 

© 
a, 

UJ 



LOGIC 
DISPLAY 



Printed by Jouve. 75001 PARIS (FR) 



EP0 853 918 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numoer 

EP 97 31 0422 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of documfim wttn indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.Cl.B) 



US 5 515 665 A (SCANLON) 14 May 1996 

* column 3, line 33 - column 4, line 64 * 

* figures 1,2* 



EP 0 476 138 A (MATSUSHITA ELECTRIC 
INDUSTRIAL CO.. LTD.) 25 March 1992 

* column 9, line 53 - column 13, line 56 * 

* column 20, line 3 - column 2l[ line 20 * 

* figures 6-15 * 



GB 2 103 853 A (UNIVERSITY OF STRATHCLYDE) 
23 February 1983 

* page 2, line 87 - page 3. line 35 * 

* page 3, line 110 - page 4, column 9 * 



GB 2 199 953 A ( MEDIMATCH LIMITED) 
20 July 1988 

* page 7, line 20 - page 17, line 3 * 

* figures * 



The present search report has been drawn up lor all claims 



1,6,11 

4 : 5,9, 10 
1,6 



2,4,7,10 
11 



1,3,4,6 
8,10 

1-3,5-9 
11 



A6185/11 



TECHNICAL FIELDS 
SEARCHED <fnt.CI.6) 



A61B 



Place ol sea it* 

THE HAGUE 



Dale ot comtwcjion of me seaich 

23 October 1996 



Examiner 

Chen. A 



g CATEGORY OF CITED DOCUMENTS 

X : particularly re lev am if taken alone 
S Y : particuJarty relevant if combined with another 
document of the same category 
A : technological background 
O r non-written disclosure 
P : intermediate document 



T : theory or pnndple underlying the invention 
E . earlier patent document, but published on, or 

anar the Ming date 
0 : document cited in the aoplieat ion 
L : document cited lor other reasons 

& : member ot the same patent t amity, corresponding 
oocument 



2 



